Purpose: The aim of this study was to investigate whether the observed changes over time in the survival rates vary according to the intrinsic subtypes of breast cancer diagnosed. Methods: Data from 46,320 breast cancer patients in the Korean Breast Cancer Registry who underwent surgery between 1999 and 2006 were reviewed. Among them, results from 25,887 patients with available data about the status of estrogen receptor, progesterone receptor, and human epidermal growth factor receptor 2 (HER2) were analyzed. Patients were classified into two cohorts according to the year in which they underwent surgery: 1999-2002 and 2003-2006. Results: The patients treated in the latter time period showed significantly better overall survival (OS) compared with those in the former period when adjusted for follow-up duration. The proportion of hormone receptor+/HER2-subtype and stage I breast cancer were significantly higher in the latter period (47.4% vs. 54.6%, p< 0.001; 31.0% vs. 39.6%, p< 0.001, respectively). Improvement in OS between the former and latter periods was seen in all subtypes of breast cancer, including triple-negative cancers (all p-values < 0.001 in univariate and multivariate analyses). Conclusion: Improvement in survival in Korean breast cancer patients over the study years is being observed in all subtypes of breast cancer, implying that increases in both early-stage detection and the proportion of less aggressive cancers contribute to this improvement.
INTRODUCTION
The Korean Breast Cancer Society (KBCS) publishes biennial reports on the characteristics of breast cancer in the country, along with any evolving trends [1] [2] [3] [4] . Data from the nationwide breast cancer registry program run by the Korean Breast Cancer Registry (KBCR) show that the overall survival (OS) of Korean women with breast cancer has been improving over time [5] . However, there is limited data to explain this increasing breast cancer survival in Korea.
Several hypotheses exist to explain this improved survival in breast cancer patients over time. These include improved early detection of breast cancer, increased rate of nonaggressive biologic phenotype breast cancer, and the use of novel adjuvant hormonal or target therapy agents, such as aromatase inhibitors (AIs) and trastuzumab.
Genomic studies have established that breast cancer can be divided into four major intrinsic subtypes (hormone receptor [HR]+/human epidermal growth factor receptor 2 [HER2]-, HR+/HER2+, HR-/HER2+, and HR-/HER2-) that differ in terms of incidence, survival, and response to therapy [6, 7] . Survival analysis according to these subtypes may provide some information in terms of the various hypotheses regarding the improved survival.
In this study, we have attempted to identify the clinicopathological and treatment factors that have exerted considerable influence upon the observed improvement in breast cancer survival in Korea.
METHODS

Korean Breast Cancer Registry
The KBCR is a database that has been prospectively maintained by the KBCS since 1996 [8] . Nationwide, 102 general hospitals with at least 400 beds, including 41 university hospitals and 61 surgical training hospitals, have voluntarily participated in this program. In 2001, the Online Korean Breast Cancer Registration Program was launched, allowing physicians from each participating hospital could to input the data into the web-based database themselves. Retrospective collection of data from as far back as 1992 was allowed when a participating hospital had a breast cancer database originating before 1996. Essential items for registration were the patient's unique Korean resident's registration number as an identifier; the patient's sex and age; the surgical method used; and the cancer stage based on the American Joint Committee on Cancer classification. In 2004, this registry was estimated to include more than 50% of all newly diagnosed breast cancer patients in Korea.
Patient survival data, including dates and causes of death, were obtained from the Korea Central Cancer Registry, Ministry of Health and Welfare, Korea. The Korean Central Cancer Registry is linked to the Korean National Statistical Office, which maintains complete death statistics recorded by unique identification numbers assigned to all Korean residents [9] . The KBCR data do not include the type or date of tumor recurrence because the Korean Central Cancer Registry provides mortality data only.
The KBCR data do not provide the patient's name and unique Korean resident registration number in order to protect the privacy of each patient.
Patients and follow-up
From the database, we identified 46,320 patients who underwent breast cancer surgery between January 1999 and December 2006. Among them, 2,335 patients with pure carcinoma in situ were excluded. Patients for whom immunohistochemistry (IHC) results for estrogen receptor (ER), progesterone receptor (PR), or HER2 status were not available, as well as patients who received neoadjuvant chemotherapy were also excluded. In addition, we excluded 6,125 patients who had a 2+ result for HER2 in IHC staining (Figure 1 ). The HER2 status in these patients should be analyzed by using fluorescence in situ hybridization (FISH); however, because we were not able to obtain FISH data in cases of equivocal IHC results, these patients were excluded. Patients who had a 0, 1+ result for HER2 in IHC staining was considered HER2-, 3+ result for that was considered HER2+.
Patients were divided into two cohorts according to the year they The study population was categorized into four breast cancer subtypes according to the HR, and HER2 status of the tumors: HR-/HER2-(ER-negative, PR-negative, HER2-negative), HR-/HER2+ (ER-negative, PR-negative, HER2-positive), HR+/HER2+ (ER-positive and/or PR-positive, HER2-positive), and HR+/HER2-(ER-positive and/or PR-positive, HER2-negative).
Statistical analyses
The correlation between the two cohorts according to the date of surgery and clinicopathological parameters was analyzed by using a chi-square test for trends. Overall survival (OS) was defined as the time from the date of surgery to the date of death or last follow-up.
Relative survival was defined as the observed survival rate divided by the expected survival rate. The observed survival rate was obtained from patient data by using the life-table method. Data from the general population matched for age, sex, and year of diagnosis were used to calculate the expected survival rate. Advice regarding estimation of relative survival 
RESULTS
Patient characteristics
A total of 25,887 patients with invasive breast cancer with available IHC results were included in the final analysis. Patient characteristics by date of surgery are listed in Table 1 . The median age of the patients at diagnosis was 47 years for both cohorts. The median duration of follow-up was 55 months for Cohort I and 48 months for Cohort II.
Cohort II had a higher proportion of older patients ( > 50 years), as well as patients with smaller tumor size ( ≤ 2 cm), negative node involvement, favorable histological grade (G1 or 2), negative lymphovascular invasion, positive HR status, and negative HER2 status. Figure 2 shows the increase of HR+/HER2-subtype breast cancer. There was a higher proportion of HR+/HER2-subtype and stage I breast cancer in Cohort II as compared with Cohort I (HR+/HER2-, 54.6% vs. 47.4%, p < 0.001; stage I, 39.6% vs. 31.0%, p< 0.001).
Survival differences between the two cohorts
Five-year OS was 85.6% for Cohort I and 93.0% for Cohort II (p< 0.001). Table 2 lists the results of univariate and multivariate Cox regression analyses for clinicopathological factors influencing survival. Factors favorably affecting long-term OS rates were age < 50 years, small tumor size, lymph node negativity, HR-positive, HER2-negative, low histological grade, and negative lymphovascular invasion.
Analyses according to subtype
The OS rate was superior in Cohort II compared to Cohort I for all subtypes (Figure 3 ). The 5-year breast cancer-specific survival rate was also superior in Cohort II compared to in We also performed multivariate analysis to explore the associated prognostic factors of breast cancer according to its subtypes ( Table 3 ). The date of surgery (Cohort II vs. Cohort I) 
DISCUSSION
In this study, we have demonstrated that the OS rate of breast cancer in Korea improved with respect to different chronological periods. We have also shown that survival improvement was seen in all molecular subtypes. In addition, we found that the patients in Cohort II were more likely to have smaller tumors, negative lymph node involvement, and favorable histological status. Interestingly, we found that the prevalence of the HR+/HER2− subtype of breast cancer was significantly increased in Cohort II.
Remarkably, there was a significant survival improvement in patients with the HR−/HER2−subtype of breast cancer. There has been little change in the treatment of the HR−/ HER2− subtype of breast cancer and there has emerged neither any accepted targeted therapy nor any effective biologic agent for this type since the breast cancer community defined this disease entity in early 2000. The increase in survival might be explained by the increase in early-stage breast cancer in the HR-/HER2− subtype, and it might also be due to increasing use of aggressive chemotherapy even for early-stage HR−/ HER2− subtype of breast cancer.
One recent study from the Surveillance, Epidemiology, and End Results program demonstrated a significant decline of ER-positive breast cancer in Caucasian women in recent years [10] . However, the frequency of ER-positive breast cancer significantly increased in Japanese women [11] . In our study, we also found a similar trend among Japanese women.
A pooled analysis from the Breast Cancer Association Consortium Studies demonstrated that early age at menarche ( ≤ 12 years), nulliparity, increasing age at first birth, and obesity in older women ( > 50 years) were more frequently associated with HR-positive breast cancer, especially HR+/HER2− tumors [12, 13] . Ko et al. [1] demonstrated that the increased incidence of breast cancer in Korea might be associated with increases in these generally accepted reproductive risk factors [14, 15] . Additionally, recent nationwide Korean breast cancer data have shown that increased reproductive risk factors may explain the recent increase in HR-positive tumors, especially the HR+/HER2− subtype [16] .
AIs have been approved by the Korean FDA as a treatment for postmenopausal patients with HR-positive breast tumor since 2003. In our study, 178 of 4,489 patients (4.0%) in Cohort I and 1,085 of 9,602 patients (11.3%) in Cohort II were prescribed AIs as adjuvant therapy. There was no survival difference between the group that used selective ER modulator only and the group that used AIs (p = 0.206) (Figure 4) . It seems that increased use of AIs may not significantly contribute to the improvement in survival rates seen over time. We could not identify the effect of trastuzumab in this study since it was not approved for use in Korea until after 2006.
Large-scale, multicenter data are one of the strengths of our study, but they are also one of the limitations. Because of the large amount of missing data, we had difficulty in investing the characteristics of all patients desired in our study. All patients enrolled in the present study were breast cancer patients with result for ER, PR, and HER2 IHC result only. Thus, caution is required when our results are interpreted as representative for Korean breast cancer survival. Data on pathologic features and HR status were not standardized between institutions. Moreover, HER2 2+ patients had to be excluded unless FISH assay was performed, which could have resulted in a different proportion of subtypes.
Improvement in Korean breast cancer survival over the study period was observed in all subtypes of breast cancer, 
